We have studied Juniperus oxycedrus subsp. badia in the central and southern Iberian Peninsula. Here, the macrobioclimate ranges from Mediterranean-pluviseasonal-oceanic and Mediterranean-pluviseasonalcontinental, thermotype from thermomediterranean and supramediterranean. The relevés were taken following the Braun-Blanquet phytosociological methodology. A statistical treatment was applied to establish a separation among Juniperus communities. To understand the presence of Juniperus communities in territories dominated by species of the genus Quercus, we applied the formula of Thornthwaite to calculate potential evapotranspiration. The general cluster analysis clearly separates two groups of plant communities and separates the different associations in each group. All plant communities growing on rocky crests and in steeply extreme sloping areas are significantly influenced by the soil. The Ombroclimatic Index does not explain the presence of plant communities influenced by substrate: so, we propose a new Ombroedaphoxeric Index which explains the presence of the Juniperus communities in territories with a thermotype ranging from the thermo to the supramediterranean belt. The areas of distribution of Juniperus species are expanding due to the spread of rocky areas: this phenomenon causes a rise in edaphoxerophilous areas and a decrease in climatophilous one. Peer-reviewed version available at Sustainability 2019, 11, 1111; doi:10.3390/su11041111
Abstract:
We have studied Juniperus oxycedrus subsp. badia in the central and southern Iberian Peninsula. Here, the macrobioclimate ranges from Mediterranean-pluviseasonal-oceanic and Mediterranean-pluviseasonalcontinental, thermotype from thermomediterranean and supramediterranean. The relevés were taken following the Braun-Blanquet phytosociological methodology. A statistical treatment was applied to establish a separation among Juniperus communities. To understand the presence of Juniperus communities in territories dominated by species of the genus Quercus, we applied the formula of Thornthwaite to calculate potential evapotranspiration. The general cluster analysis clearly separates two groups of plant communities and separates the different associations in each group. All plant communities growing on rocky crests and in steeply extreme sloping areas are significantly influenced by the soil. The Ombroclimatic Index does not explain the presence of plant communities influenced by substrate: so, we propose a new Ombroedaphoxeric Index which explains the presence of the Juniperus communities in territories with a thermotype ranging from the thermo to the supramediterranean belt. The areas of distribution of Juniperus species are expanding due to the spread of rocky areas: this phenomenon causes a rise in edaphoxerophilous areas and a decrease in climatophilous one. more oceanic Portuguese territories in both siliceous and limestone areas. For this reason, we carried out this research in the central and southern Iberian Peninsula ( Figure 1 ). Figure 1 . Study area and distribution of Juniperus oxycedrus subsp. badia on the Iberian Peninsula [6] .
We studied 100 weater stations in the central-south of the Iberian Peninsula, 29 of which have an Ombrothermic Index (Io) of between 3.6 and 6.3, implying that this territory has a subhumid-humid ombrotype [12] . The 71 remaining meteorological stations have an Io of between 2.02 and 3.6, with a predominance of a dry ombrotype throughout the whole territory. The continentality values range from 10.8 for Santiago Do Cacen (Portugal) to 21.7 in Vianos (Albacete, Spain). All this explains the presence of a Mediterranean-pluviseasonal-oceanic macrobioclimate in the westernmost areas of the territory in the study, and a Mediterranean-pluviseasonal-continental macrobioclimate in the easternmost territories. The thermotype ranges from thermomediterranean in the warmest territories near the Guadalquivir river valley, and supramediterranean on the crests of the Iberian plateau. However, the mean values for Io (3.89), Ic (18.54) and Itc (284) clearly express the territorial dominance of the dry-subhumid ombrotype, the mesomediterranean thermotype and the Mediterranean-pluviseasonal-oceanic macrobioclimate. The continental influence of the plateau is present in the easternmost areas (Jaén, Ciudad Real and Toledo), where there is also evidence of the Mediterranean-pluviseasonal-continental macrobioclimate [10] .
All these areas share the characteristic of being small mountain ranges formed by quartzite, granite, pre-Cambrian slate, limestone and dolomitic limestone, with altitudes ranging between 280-1,500 m.
For the nomenclature we followed: [4, 5, 8, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] for vascular plants and [6, 24] for plant communities.
Methods
We used 134 samplings taken over a wide territory (Spain and Portugal). This was done by visiting the different territories and collecting relevés from all the communities dominated by the subspecies Juniperus oxycedrus subsp. oxycedrus and subsp. badia. Specifically, nine plant communities were studied. Among these, there are five published previously [6, 25] and four new for the science.
The relevés were taken following the Braun-Blanquet phytosociological methodology, as described in works such as Braun-Blanquet [26] and Géhu & Rivas-Martínez [27] . A statistical treatment was applied to establish a separation among Juniperus communities. We compiled an Excel © table with 134 relevés x 294 species, and applied a Ward's distance cluster analysis and a DECORANA and DCA analysis. To understand the presence of Juniperus communities in territories dominated by species of the genus Quercus, we applied the formula of Thornthwaite ETPmonthly = 16(10.T/I) a to calculate potential evapotranspiration, and 0.2ETP of Montero Burgos & González Rebollar [28] . With these data, we prepared a new Ombroedaphoxeric Index (Ioex), which, in a comparative analysis with the Ombrothermic Index (Io) proposed by Rivas-Martínez & Loidi [29] , justifies the presence of microforests of Juniperus.
Results

Phytosociological classification derived from the numerical analyses
All the communities of Juniperus oxycedrus subsp. badia share the fact that they are permanent communities with an edaphoxerophilous character, which is imposed by the rocky substrate, due to soil lost. Thus, although the territorial ombrotype could allow the survival of Quercus species, only Quercus coccifera can do it so in warmer territories.
The nine communities analysed are: JPB Juniperetum phoeniceae-badiae, TP Teline patentis-Pistacietum terebinthi, MJ. Myrto communis-Juniperetum badiae, EJ. Echinosparto iberici-Juniperetum badiae, CJ. Cytiso eriocarpi-Juniperetum badiae, SJ. Stipo tenacissimae-Juniperetum badiae, PJ. Pistacio terebinthi-Juniperetum badiae, GJ. Genisto polyanthi-Juniperetum badiae, FJ. Festuco merinoi-Juniperetum badiae.
The general cluster analysis clearly separates two well-delimited groups: GI (FJ, MJ, SJ, EJ, GJ, CJ) ( Figure 2a ) and GII (JPB, TP, PJ) (Figure 2b) , and separates the different associations in each group. The various groups of relevés in the study belong to different plant communities, as these groups reveal clear floristic, bioclimatic, catenal and biogeographic differences, as described below.
The new statistical treatments DCA clearly separated the three associations in the subgroup MJ, SJ and CJ. CJ was described by its authors for the southwest of the peninsula on siliceous substrates and in subhumid-humid environments, whereas SJ was described for the territories in the central peninsula, and shows significant floristic differences with CJ. The new association we propose in this work -MJ-is in areas of the Sierra Morena on siliceous substrates and in drysubhumid environments (Figure 3 ).
The subgroup of associations EJ and GJ grows in the Mariánico-Monchiquense sector on siliceous substrates (Paleozoic slate and quartzite), with an ombroclimate ranging between dry and humid; EJ was described by Cano et al. [6] for the supramediterranean belt. The new association we propose is found in the mesomediterranean belt and is totally lacking in Echinospartum ibericum. The analysis of these two associations confirms their statistical separation. Both associations are in the Mariánica mountain range. The low frequency of Echinospartum ibericum explains the sole dominance of Juniperus oxycedrus subsp. badia. The low floristic differentiation between EJ and GJ is due to the fact that the main differentiating floristic elements, Echinospartum ibericum and Genista polyanthos, are infrequent in their respective plant communities; whereas Echinospartum ibericum is exclusive to the supramediterranean thermotype, Genista polyanthos has its optimum in the thermo-and mesomediterranean, and may occasionally reach the supramediterranean, which explains the greater frequency of the microforests of Juniperus. In contrast, the new association GJ contains species of interest such as Genista polianthos, which acts as a differential species from the exclusively supramediterranean association of Echinosparto iberici-Juniperetum badiae. We therefore propose the new syntaxon Genisto polyanthi-Juniperetum badiae (Table 1 rel. 1 to 11 typus rel. 1), located in the Marianico-Monchiquense sector. The juniper forest of Juniperus oxycedrus subsp. badia in the eastern territories of the Iberian Peninsula (Portugal) is present in small mountain ranges with a quartzite character with frequent mesophytic flora, as the mesomediterranean thermotype, and subhumid-humid ombrotype continue to prevail. There is therefore a significant floristic component with an oceanic character, such as Erica arborea, Viburnum tinus and Cytisus eriocarpus, a community that has been described as Cytiso eriocarpiJuniperetum badiae, very different from Cytiso tribracteolati-Juniperetum oxycedri which represents the edge of the cork-oak forest Teucrio baetici-Quercetum suberis, according to Pérez Latorre et al. [30] . Nº Cluster GJ1 GJ2 GJ3 GJ4 GJ5 GJ6 GJ7 GJ8 GJ9 GJ10 GJ11
Characteristic of association and higher units P Juniperus oxycedrus subsp. badia  2  3  3  2  2  2  2  2  3  2  2  11 Genista polyanthos  2  3  3  3  2  2  2  2  1  2  2  11 Quercus rotundifolia + Cistus populifolius x C. salvifolius GJ1(1), Cistus albidus GJ3(+), Retama sphaerocarpa GJ3(+), Nerium oleander GJ3(1), Flueggea tinctoria GJ3(+), Corrigiola telephiifolia GJ3(+), Scirpus holoschoenus GJ3(+), Scrophularia canina GJ3(+), Fraxinus angustifolia GJ3(+), Festuca elegans GJ4(1), Elymus hispanicus GJ4(+), Armeria capitella GJ4(1), Sedum forsteranum GJ4(+), Petrorhagia nanteuillii GJ4(+), Halimium umbellatum subsp. viscosum GJ5(+), Poa bulbosa GJ6(+), Vulpia myuros GJ7(+), Lamarckia aurea GJ7(+), Mucizonia hispida GJ8(+), Dipcadi serotinum GJ8(+), Lavandula luisieri GJ8(+), Conopodium bourgaei GJ9(+), Asplenium billotii GJ9(+), Sedum dasyphyllum GJ10(+), Geranium purpureum GJ10(+), Anogramma leptophylla GJ10(+), Stipa gigantea GJ10(+), Conopodium capillifolium GJ10(+), Narcissus rupicola GJ10(+), Festuca rothmaleri GJ10(+), Coincya longirrostra GJ11(+), Genista florida GJ11 (1 The community described by us as Stipo tenacissimae-Juniperetum badiae grows on carbonated and neutrobasophilous soils. Its floristic composition includes a dominance of Juniperus oxycedrus subsp. badia and Stipa tenacissima, with other basophilous elements such as Staehelina dubia and Ruta chalepensis, together with the thermophilous elements Olea europea var. sylvestris and Osyris alba. These last are common to the new association we propose -Myrto communis-Juniperetum badiae nova-, whose floristic composition comprises Juniperus oxycedrus subsp. badia, Pistacia terebinthus, Pistacia lentiscus, Phlomis purpurea, Myrtus communis, Aristolochia baetica, Asparagus aphyllus, Olea europea var. sylvestris. This association is found on rocky crests on slate, quartzite and granite in thermal gorges in the Sierra Morena, and in the lower dry mesomediterranean thermotype ( Table 2 rel. 1 to 24, typus rel. 18). This association is close to Stipo tenacissimae-Juniperetum badiae, but is differentiated from it by the type of substrate, thermocline, floristic composition and biogeography, as this latter association was described for eastern territories in the Toledano-Tagano sector in contact with the Manchego sector, while the association we propose here is in the Mariánico-Monchiquense sector.
GII Group is formed by JPB, TJ and PJ. In this case, a DECORANA analysis highlights the separation between the three plant communities. PJ was described for the central peninsula (Toledano-Tagano sector) on siliceous substrates, and in the dry-subhumid mesomediterranean, whereas the two new associations proposed -JPB and TJ-grow on basic substrates in the Subbetic biogeographic sector, with sufficient floristic differences for the three associations to be clearly defined in the ordination analysis (Figure 4 ). The GIIJPB subgroup Juniperetum phoeniceae-badiae nova represents the juniper forest with Phoenicean juniper, Juniperus phoenicea, a highly abundant plant formation in the Subbético sector, growing in subhumid mesomediterranean environments on calcareous and dolomitic limestone substrates. This is an edaphoxerophilous community with a predominance of Juniperus oxycedrus subsp. badia, J. oxycedrus subsp. oxycedrus and J. phoenicea (Table 3 rel. 1 to 21 typus rel. 17).
This GII group includes GIIPJ Pistacio terebinthi-Juniperetum badiae for Toledan territories and in the north of the province of Ciudad Real. Particularly significant are the olive groves in the Subbético mountain ranges that grow in the subhumidhumid meso-and supramediterranean in rocky areas or debris fields on mountainsides. This community is physiognomically dominated by Pistacia terebintus, with other floristic elements such as Juniperus oxycedrus subsp. badia, J. phoenicea and Teline patens. We propose the association Teline patentis-Pistacietum terebinthi nova (Table 4 rel. 1 to 11 typus rel. 2). This association is differentiated from Phillyreo latifoliae-Pistacietum terebinthi Pavón Núñez et al. 2013 [31] due to the absence of the thermophilous elements Clematis cirrhosa, Aristolochia baetica, Rhamnus oleoides, Rhamnus velutinus, which are present in the typus of the association. The authors of Phillyreo latifoliae-Pistacietum terebinthi used relevés from the thermo-and mesomediterranean for their description. For this reason, in Table  1 relevés 3, 4 and 5 from the Subbético territories do not correspond to the association described. We must differentiate the thermomediterranean forest of Pistacia terebinthus from the meso-and supramediterranean ones in the Bétic biogeographic province.
Synthetic analysis of vegetation
The synthetic table (Appendix A) reveals a differential floristic composition between all the associations studied, with a predominance of species of Pistacio lentisci-Rhamnetalia alaterni Rivas-Martínez 1975 as Juniperus oxycedrus subsp. oxycedrus, J. oxycedrus subsp. badia, Pistacia lentiscus, Quercus coccifera, Pistacia terebinthus, Phillyrea latifolia, P. angustifolia, Rhamnus alaternus, R. lycioides, R. oleoides, Pinus halepensis, Arbutus unedo, Asparagus albus. The floristic composition of the associations allows us to include them in the alliance Juniperion badiae, that is a thermo-to supramediterranean dry juniper scrub of the Luso-Extremadurean Province of the Central Iberian Peninsula [6, 24] . Other species: Coincya longirrostra MJ7, MJ15(+), Sedum sediforme MJ1, MJ9(+), Retama sphaerocarpa MJ9, MJ20(+), Vitis vinifera subsp. Other species: Polygala rupestris TP11(+), Melica minuta TP11 (1) 
Catenal analysis of the landscape evolution
Territories behave differently in response to the general climate, the type of substrate and the topography of the terrain. For this reason, areas on rocky crestseven though they may be in rainy environments and surrounded by climactic forests-behave differently from the territories around them. In these circumstances islands evolve which may contain edaphoseries, minoriseries and permaseries [32, 33] . All the plant communities growing on rocky crests and in steeply sloping areas are very significantly influenced by the soil, which conditions their existence. All territories have a substrate and an orography which determines whether they have a greater or lesser capacity to retain water: there are special substrates such as ultramafic rocks (serpentines), rich in heavy cations, with a high content of ferromagnesium minerals [34] . In the Betic mountains (southern Spain) there are with some frequency marble limestone, gypsum and serpentines [35] . The rainfall values for the territories of serpentines (Sierra Bermeja) influence a wet ombrotype, very like the values precipitations of the mountains in northwestern Serbia [36] and, due to the xericity of serpentines, often appear forests and scrublands not in accordance with the ombrotype of the territory: plants living here, present ecophysiological and morpho-anatomical adaptations to support the limitations [37] . In ideal situations with good soil texture and structure and without slopes, we can assume that the water retention (WR) is maximum (100%). Otherwise there are losses due to run-off and drainage, and the WR may therefore vary. Water is also lost through evapotranspiration (ETP). However, as plants have the capacity to self-regulate their losses, it can be accepted that the residual evapotranspiration e = 0.2ETP. There are therefore two parameters (e and WR) implicated in the development of a vegetation that is essentially conditioned by rainfall. The ombroclimatic index (Io) therefore does not explain the presence of plant communities that are influenced by the substrate, and we propose the new Ombroedaphoxeric Index (Ioex) which explains the presence of the communities of Juniperus in territories with a thermotype ranging from the thermo to the supramediterranean belt. Ioex = Pp-e/Tp x WR Pp = mean annual precipitation; Tp = mean annual temperature [29] ; e = residual evapotranspiration whose value is 0.2. ETP [28] ; WR = retention capacity in parts per unit, whose values may be 0.25, 0.50, 0.75 and 1. Table 5 shows the values for Pp, Tp and Io according to the criterion established by [38] . The value of ETP is obtained by applying the formula of Thornthwaite ETPmonthly = 16(10.T/I) a , where "T" is the mean monthly temperature, "I" is the annual heat index, and "a" is a parameter that depends on the values taken by "I".
Applying the formula Ioex for the assumptions that WR is 0.25, 0.50 and 0.75, we obtain three values, of which the most representative is Ioex2. Table 5 establishes the equivalence values in such a way that although the territorial bioclimate allows the existence of climactic forests, in wild areas with WR = 50% the humid ombrotype becomes dry or subhumid depending on whether the value of WR = 25% or 50%. The subhumid becomes dry and the dry becomes semiarid or arid. Therefore, areas with Io > 8 have values of Ioex2 of 3.86 and 4.94, which is equivalent to subhumid. This allows the existence in rocky areas of an edaphoxerophilous community of Quercus faginea s. l. or Abies pinsapo, as occurs in Grazalema (Cadiz), and a value of Ioex1 = 2.47 in the case that WR = 25%. In this situation, there is a presence of an edaphoxerophilous community of Quercus ilex subsp. ballota in Cazorla (Jaén) and in Grazalema (Cádiz). When the underlying ombrotype is subhumid, the equivalence value of Ioex2 corresponds to dry; an underlying dry "Io" gives semiarid, and even arid values of Ioex2 if the underlying horizon is lower than dry. This does not allow the development of Quercus tree species, but does allow the genus Juniperus. The value of Ioex is affected by climate change, as evidenced by Del Río et al. [39] . According to the authors, this change is taking place with a heterogeneous pattern in terms of annual rainfall redistribution, which is decreasing in most of the mountainous areas of Grazalema, Ronda, Cazorla, Segura, Sierra Nevada and a large part of the Sierra Morena. However, these authors have detected an increase in rainfall on the Andalusian coast and particularly in Almería. This affects forest stands, and -together with human activity [10] -favours a redistribution of the current forests in the form of a decline in the forests of Quercus and an increase in the microforests of Juniperus.
Discussion
The following figures show the catenal contacts, and reveal the coexistence of plant communities with different ombroclimatic demands. In the catenas in Figures 5 and 6 (Sierra Morena) with opposing orientations and on a siliceous substrate, there is an ombroclimatic gradient from dry to humid from the base of the mountain to the summit. In this case the presence of microforests of Juniperus is only possible due to the influence of the substrate; this is repeated in the catenas in Figures 7 and 8 (Cazorla and Mágina), which have calcareous substrates and a northern orientation, implying higher rainfall than in Sierra Morena. We therefore find edaphoxerophilous copses of Quercus ilex subsp. ballota and juniper ("sabinares"), and holm-oak forests ("enebrales") of Juniperetum phoeniceae-badiae, along with forests of Portuguese oak ("quejigares") and "acerales" of Viburno tiniQuercetum alpestris, Berberido hispanicae-Quercetum alpestris and Daphno latifoliaeAceretum granatensis. 
Conclusions
In conclusion, the different groups of communities proposed for the LusoExtremaduran province occupy areas whose dominant ecological factor is the xericity of the substrate. These are therefore edaphoxerophilous formations with a permanent character that occupy restricted areas, but which are currently in expansion, as frequent fires and the deforestation and clearing of the scrub layer have led to an extension of eroded areas due to soil loss. These biotopes do not tend to be occupied by Fagaceae, and the forests of Quercus ilex subsp. ballota are relegated to less inhospitable territories. If the factors that condition this dynamic persist, we will continue to see an exponential rise in the area occupied by species from the genus Juniperus. We can therefore predict a change in the landscape in the future, with a strong predominance of gymnosperms over angiosperms, as the former are better adapted to extreme conditions. These areas in expansion do not present a serious threat unless there is excessive pressure from livestock farming, which could lead to an alteration in these habitats which are rich in endemic species; the rate of endemics is 12 and accounts for 60% of their flora.
With the study of these wild areas, we have detected ten plant associations of which we propose four as new. In all cases, these are Sites of Community Interest (SCI), as they include habitats with a high richness in endemic species. For all these reasons, it is recommended to think conservation measures by applying a protection status to allow control over the management of the territory, for example establishing micro-reserves for the conservation of flora and habitats, according to [40] : all this can allow a sustainable development of these territories.
Finally, we want to highlight that the phytosociological approach and a statistical analysis are everytime fundamental for the study and the better knowledge of plant communities: all these data (more others such as phytotoponims) are very important to their conservation and/or restoration as considered by several authors [7, [40] [41] [42] [43] [44] [45] . And more, we consider also important to planning actions for an efficient management of the habitat 5210: "Arborescent matorral with Juniperus ssp." present in Portugal and Spain. Based on all these informations, for a sustainable development and a territorial cohesion between these two nations, it is desiderable planning actions with cross-border-cooperation projects, basing on other experiences in this field [46, 47] . 
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